Listeners' ability to retain information about gap length within a noise burst was studied. Just noticeable difference (JND) for gap length between target and comparison stimuli was obtained using the single-interval adjustment-matrix procedure for retention intervals that were silent, included four noise bursts, or included four noise bursts with discrete gaps. JNDs for retention intervals containing either type of noise burst did not differ significantly from those obtained for the silent retention interval. This result differs from that found for retention of pitch and loudness. This might occur as more cortical resources are used for retention of auditory temporal information.
INTRODUCTION
Retention of information about auditory objects and their relative relationships to one another occurs across numerous acoustic dimensions such as frequency, location, and time (e.g., Bregman, 1990) . Temporal relationship amongst auditory objects involves comparison of onset and/or offset markers across time (e.g., Abel, 1972; Plomp, 1964) . As such, moments of silence between auditory objects is a component of their temporal relationship. Resolution for detection of a silent gap in stimuli is as fine 2-3 ms (e.g. Plomp 1964 ). The accurate retention and maintenance of such temporal information would provide higher level processes a means to form and follow a cogent account of ongoing occurrences within the a given setting (Engle et al., 1999) .
The presence of similar sounds (e.g., Jump and Ries, 2008; Ries and DiGiovanni, 2007) or simply prolonged silence within a retention interval can reduce auditory resolution (e.g., Clément et al., 1999) . The present study investigated how such intervening stimuli affect the threshold for gap retention in persons with normal hearing. The presence of various types of intervening stimuli within the retention interval was expected to reveal how an individual performs in a listening situation wherein the ability to maintain and later compare detailed information about a previously heard signal maybe compromised by subsequent sounds. The perception of a difference between a standard and comparison sound is made more difficult when intervening stimuli also share the trait of interest (e.g., Deutsch, 1970; 1972a,b) . It was hypothesized, based on the results of similar experiments investigating retention of pitch and loudness, that the presence of stimuli containing small and varied temporal gaps within an intercomparison interval would produce a substantial increase in the JND for gap duration change. In addition, the presence of intervening stimuli without gaps was expected to produce a significant, but less pronounced increase in the JND.
METHODS

Participants
Six adult females (aged 20 to 30 years) with normal pure-tone thresholds (< 15 dB HL at octave frequencies from 0.25-8.0 kHz) participated in this study. All had prior experience in psychoacoustic experiments, gave informed consent prior to participation, and received no compensation. Participants were screened using an intervalforced-choice, gap-detection task to ensure they had normal temporal acuity (i.e., gap detection threshold < 3 ms). This study was approved for use of human subjects by the Institutional Review Board at Ohio University.
Stimuli and Conditions
Tucker Davis Technologies, Inc. (TDT), System III hardware controlled via a computer running Matlab (MathWorks, Inc.) and RPVD (TDT) software was used to produce all stimuli. Stimuli parameters were verified electrically using a dynamic signal analyzer (Stanford Research Systems) and a digital storage oscilloscope as well as acoustically using a sound level meter and a 2cc coupler (Brüel and Kjaer Sound and Vibration A/S). Signals were presented binaurally via ER-2 insert earphones (Etymotic Research, Inc.) to each participant who was seated individually within a double walled, sound attenuating booth (Industrial Acoustics, Inc.).
Gaps within the stimuli were produced by placing a brief instance of silence between two noise bursts. All stimuli were Gaussian noise bursts with 1 ms rise and fall times, produced at a sampling rate of 24.414 kHz, low pass filtered at 12.0 kHz. The level of each noise was roved randomly over a 12 dB range centered at 80 dB SPL (range = 74 to 86 dB SPL) and the duration of each burst was roved over a 60 ms range centered at 100 ms (range = 70 to 130 ms) to control for the potential influence of loudness and duration cues on participant performance.
Each of the three experimental conditions included presentations of standard and comparison burst pairs separated by an inter-comparison interval. The first condition (NoInt) contained no stimuli in the inter-comparison interval. The second condition (Int) contained four intervening stimuli with no gaps (i.e., four noise bursts). The final condition (IntGap) contained four intervening stimuli with varied detectable gaps.
The gap in the standard stimulus was roved randomly over a 20 ms range centered at 25 ms and the gap in the comparison stimulus was set relative to the standard according to the rules employed for the single interval adjustment matrix (SIAM) procedure (see procedures section below). The duration of the retention interval was approximately 5000 ms (4955 ms to 5095 ms) and varied dependent upon the overall duration of the standard burst pair as well as the duration of the gap within the standard. The amount of time between the offset of the standard interval and the onset of the first intervening stimuli was roved over a 120 ms range centered at 1000 ms. The delay between each stimulus in the retention interval was roved over a 60 ms range centered at 300 ms. This was done to control for the influence of rhythm or other unintentional temporal cues upon participant performance. The interstimulus interval between the intervening stimuli, either pairs of noise bursts separated by brief gaps (IntGap condition) or bursts of noise with no gaps (Int condition), always exceeded 200 ms in order control for the potential influence of forward masking. In the IntGap condition, the gap in each intervening burst stimulus pair was roved randomly over a range of 4 ms to 50 ms. In the Int condition, the duration of the rove that would have occurred in the IntGap condition was added to the overall duration of the respective noise burst. The gap lengths of any two intervening stimuli were never same, nor did they equate with the gap in the standard or comparison stimuli. Finally, the amount of time between the offset of the final intervening stimuli and the onset of the comparison interval was approximately 2300 milliseconds, varying slightly dependent upon the combination of the roved duration factors for the preceding stimuli.
Procedure
The SIAM adaptive tracking procedure (Kaernbach, 1990 ) was employed to measure the participants' performance. The gap in the standard noise burst was presented followed by a retention interval (prolonged silent period) and concluded with the presentation of the comparison stimulus. Participants were asked to respond by pressing either a box labeled "Y" for yes or a box labeled "N" for no on a touch screen monitor to indicate whether the gap in the comparison stimulus was longer than that in the standard stimulus. The step size was 16 ms over the first four reversals and 4 ms for the remaining fourteen reversals. A total of eighteen reversals were obtained and only the final four were included in analysis (Grossmann and Ries, 2008) . Each participant received approximately six hours of practice before beginning the experiment. Following practice, each participant completed four runs in each condition. The starting difference between the gap in the standard interval and the gap in the comparison interval was set 40 ms above the average of the final four practice runs for a given condition so that each participant received an easily detectable difference between these gaps at the outset of each run. The runs were completed in random order across condition. 
